ABSTRACT The weekly abundances of the sexual phase (aggregate zoold) of 2 salp populatlons (tunlcates Thaha democratlca and Salpa fuslform~s) were determined from 1967 to 1990 at a fixed statlon in the coastal waters of the Western Mediterranean, using a discrete scale of abundance For both specles the abundance tlme senes shows the occasional developn~ent of blooms of aggregate zoolds Several hydrologlcal and meteorological variables were recorded concormtantly, and thelr Influence on the occurrence of blooms was evaluated uslng a Markov reglesslon model for ordlnal tlme senes Abundance at Week t was found to depend on the slze of the population for the 2 prevlous weeks and on environmental vanables The Influence of hydrologlcal variables alr temperature and lrradlance corresponds to the relationship between seasonal strahficatlon of the water column and occurrence of blooms the stronger the stratlflcatlon the lower the probablllty of observing hlgh densities of salps Wlnd stress was also found to exert a slgnlflcant ~nfluence, wlth gusts of wlnd fachtatlng the development of blooms through the renewal of the pelagic production The lnfluence of easterly wlnds, w h~c h lnvolves a process of surface waters accumulating near the coast, is h m t e d to T democrat~ca Conversely, the influence of westerly wlnds, whlch leads to local upwelhng, IS h~t e d to S f u s r f o m s These results are consistent w t h known ddferences In the spatlal dlstnbuhon of 7 democratica and S fuslfonrus wlth respect to both dlstance to the coast and depth
INTRODUCTION
The pelagic tunicates Thalia democratica ForsskAl, 1775 and Salpa fusiformis Cuvier, 1804 are the most common salps in the coastal waters of the Western Mediterranean. The life cycle of salps includes both a sexual and an asexual phase: the solitary asexual zooids release, by budding, several chains of aggregate sexual zooids. Solitary zooids and aggregate zooids are similar in size and in food requirements. In our laboratory, at 14 to 15 "C, and under saturated food conditions, the solitary zooids of both species may produce the first chain of aggregate zooids after a growth period of 6 d (Braconnot 1963 . The chains are formed of 50 ( T democratica) to more than 100 (S. fusiformis) aggregate zooids of similar length, and are repeatedly released every 2 d . Within the young chains, each aggregate zooid acts as a fertile female, soon producing a unique solitary zooid which incubates for 5 or 6 d inside the body cavity. Later on, the aggregate zooids develop into males. Owing to their particular reproduction cycle, these gelatinous macrozooplanktonic filter feeders have one of the fastest growth rates among multicellular organisms (Heron & Benham 1984 , Le Borgne & Moll 1986 : under favourable conditions, a few individuals from both phases may give rise to blooms that are generally observed in spring or at the beginning of summer. Blooms of T d6mocratica and S. fusiforrnis have often been tracked on continental shelves of the world ocean during periods lasting days to months (e.g. Fraser 1962 , Berner 1967 , Brattstrom 1972 , Atkinson et al. 1978 , Madhupratap et al. 1980 , Le Borgne 1983 , Heron & Benham 1984 , Tsuda & Nemoto 1992 . The availability of large amounts of food appears to be one of the main factors allowing the development of a sustained salp population, and the role of the quality of phytoplankton (Silver 1975 ) and the level of its growth rate (Le Borgne 1983) has been recognised as critical. In the Georgia Bight (W Atlantic), Deibel (1985) showed that only salps and doliolids are capable of responding rapidly to shortlived phytoplankton blooms.
Because of their high filtration rates and the wide size range of the filtered particles, salps play a critical role in the consumption of phytoplankton (Deibel1982, Mullin 1983 , Madin & Cetta 1984 . In Mediterranean coastal waters, they are able to decrease the algal biomass, even during the spring phytoplankton bloom (Andersen 1985 , Nival et al. 1985 . Their production of large fecal pellets is responsible for a fast downwards transfer of organic matter in the marine ecosystem (Madin 1982 , Morris et al. 1988 , Caron et al. 1989 . Despite the major impact of salps on primary production in marine ecosystems, and in comparison with other planktonic groups such as copepods, multiannual records of these species are few, and little is known about oceanographic factors involved in the emergence and decay of salp blooms.
This led us to analyse the fluctuations in abundance of Thalia democratica and Salpa fusifonnis, which were sampled from 1967 to 1990 in the Bay of Villefranche-sur-Mer (Western Mediterranean). The principal aim was to assess the influence of hydrological and meteorological variables on the abundance levels of the 2 populations during the periods corresponding to the possible occurrence of blooms. During blooms, aggregate zooids represent about 95% of the whole salp population (Braconnot 1963) , while sustained budding of new chains results in a low variability of the aggregate zooid to solitary zooid number ratio. During periods of low abundance, aggregate zooids still account for about 85 % of salps. Moreover, both phases probably share the same regulatory environmental factors. Hereafter we use the generic term 'salps' although aggregate zooids only were enumerated. The sizes of the populations were determined weekly according to Frontier's (1969) semiquantitative scale of abundance classes, which has been shown to be well adapted to describe the spatial and temporal variations of zooplanktonic species at the classical regional scales used in oceanographic studies (Frontier 1969) .
Because the observations are semiquantitative (ordinal), time series analysis techniques such as spectral analysis (Priestley 1989) or ARIMA models (Box & Jenkins 1976 ) cannot be used. A more natural and conceptually satisfying approach is based on the use of socalled Markov chain models. Such models have been used by Thompson & Vertinsky (1975) for complex simulation models of birds foraging; by Usher (1979) for problems of ecological succession; and by Eston et al. (1986) to study spatial interactions between 2 species. Related methods are the transition matrix approach of Woolhouse & Harmsen (1991) , used to study the dynamics of an apple aphid, and the semiMarkov model of Munholland & Kalbfleisch (1991) , used to describe an insect's life history.
This study presents the application to the salp data of a Markov regression model for ordinal ecological series (Menard et al. 1993) , that can accommodate continuous and possibly time-dependent covariates. The model is used to assess the influence of environmental variables on the dynamics of salp abundance. Results are consistent with known biogeographical differences between Thalia democratica and Salpa fusiformis.
MATERIALS AND METHODS
Sampling and descriptors of salp abundance. The B sampling station is located at the southern entrance of the Bay of Villefranche-sur-Mer (43" 41' 10" N, 7' 19' 0" E) and has a maximal depth of 80 m. This part of the Bay is open to the sea.
Salps were sampled at Station B by vertically towing a Juday Bogorov net from a depth of 75 m to the sea surface. This net has an opening diameter of 0.5 m, a mesh of 330 pm and a filtering length of 1.8 m. The mean filtered volume of water was estimated using a Tsurimi flowmeter as about 10 m3 per haul. From November 1966 to December 1990, samples were taken at a maximum frequency of twice a day, except during weekends. Hauls from the same week were pooled, thus yielding a series of weekly samples. No data were available for 12.7% of the weeks. Salp abundance was determined according to a semiquantitatlve scale of abundance (Frontier 1969) . The limits of the classes are approximately based upon a geometric progression with basis 4.3. Because of the differing numbers of hauls from week to week, the weekly abundance class was determined from the approximate number of salps in the pooled sample divided by the number of hauls in the corresponding week. As shown in Table 1 , 8 classes were used for the enumeration of the samples. For example, if 5 hauls were obtained during a given week and the total number of zooids in the pooled sample fell between 90 and 400, then the weekly abundance is coded as Class 4.
Hydrological and meteorological variables. Seawater temperature ("C), salinity (psu) and computed seawater density (kg m-3) at depths of 0, 10, 20, 30, 50 and 75 m, have been recorded at Station B since 1957 (Etienne et al. 1991) . Because of irregular time spacing within weeks and missing observations, the data were smoothed by taking averages over 2 wk periods.
Daily measures of air temperature ("C), mean wind velocity considering all directions (m S-'), maximum wind velocity (m S-') and direction were provided by the ground-based meteorological station 'Semaphore du Cap Ferrat', which is located 800 m from the sampling station at an altitude of 138 m. Daily light intensity (irradiance, J cm-2) was measured at sea level at Nice airport (10 km from Station B), using a Kipp & Zonen pyranometer. Except for wind characteristics, weekly means of these meteorological variables were used. The wind energy at sea surface level is a complex function of wind velocity, air density and an aerodynamic friction coefficient. Here, the square of wind velocity was used as a index of wind stress. However, meteorological records do not contain the duration of windy periods. Weekly indexes were thus computed as the sum of the daily velocities squared, considering days with mean velocity over 6 m S-' (mean wind index) and maximum velocity over 10 m S-' (maximum wind index). These thresholds were used because velocities lower than these values are not expected to exert a significant effect on the surface layer. Maximum wind was further categorised as westerly or easterly, to reflect the dominant patterns of the area.
The model. The statistical model is described in the Appendix and details may be found in Menard et al. (1993) . The idea is to specify the probability distribution of abundance at time t as a function of abundances observed before t. Markov models correspond to the case when only a finite number of previous states influence the outcome at time t. This number is called the order of the process. Zero order corresponds to stochastic independence between successive observations, meaning that abundance in a given week does not depend on previous weeks' abundances. If the dependence is on the most recent prior abundance only, the process is of order 1, and the transition probability P , , is the probability that salp abundance changes from i to j over 1 period of time (here, 1 wk). With 5 categories, there is a total of 5' transition probabilities to estimate. A second-order process is specified by 53 transition probabilities of the form Pk, ,,,, the probability of transition to abundance j at time t, given that abundance was k at time t-2, and i at time t-1. Generally, a process with S states and of order o leads to SO+' transitions between categories. For the quantitative statistical analysis of the salp data, abundance Classes 5 to 8 were combined to form a single class, because of the small numbers of observations in Classes 6, 7 and 8. The environmental variables of interest are introduced as exogenous covariates in the functions specifying the transition probabilities. Only past values, say at time t-z, are considered, in order to permit a causal interpretation. r i s called the time lag. Thus, Pk, ;,, (z) is the probability of transition from abundance category k at time t-2 and i at time t-l to category j at time t, when the value taken by the covariates of interest is z at t-T.
Parameters of the model and their asymptotic standard deviations were estimated by maximum likelihood. The order of the processes, and the influence of environmental covariates, were assessed by the likelihood ratio statistic, which is asymptotically x2-distributed with the number of degrees of freedom equal to the difference in the number of parameters between the models. The influence of environmental covariates was tested after estimating the order of the salp abundance process, within the periods of occurrence of blooms.
Missing data is one of the typical problems of ecological time series. Here, a n observation at time t is used only if previous observations are available, considering the order of the model and the time lag (Korn & Whittemore 1979) .
Autocorrelation functions (Anderson 1971) were estimated using Spearman's rank correlation coefficient (Conover 1980) .
RESULTS

Overview of salp time series
The observed series of aggregate zooid abundance are presented in Fig. 1 . For both species, the salient features are year-to-year variability, and seasonality concerning the periods of high salp density. The periods of absence of the species were mainly observed during late summer and winter.
Here, we define a bloom as a period of high salp density (Class 3 and above), lasting at least 2 wk. During 
Order of salp abundance processes
Comparison between models with no covariates and of differing order showed that models of order 2 were significantly better than lower-order models (p < 0.01), while not significantly different from order 3 models (p > 0.80). Goodness-of-fit tests for order 2 models (see Appendix) were nonsignificant (Thalia democratica: p > 0.99; Salpa fusiformis: p > 0.84). In particular, adding a scale parameter (McCullagh & Nelder 1989) to the models did not improve the fit. All subsequent analyses were thus performed using models of order 2.
Tables 2 & 3 present the corresponding estimates of parameters with their standard errors and transition probabilities respectively. For brevity, only 25 of the 53 probabilities are shown, those corresponding to transition probabilities of the form Pi, ,,. Concerning Thalia democratica, the maximal estimated probability is to remain in the same class, except for Class 3, for which the highest probability is to go to Class 2. If the abundance class is 4 or 5, the probability of staying in Classes 3 to 5 is above 89 %. The conditional probability distributions of Salpa fusifonnis show larger disper- sion than those of T democratica. For instance, when Class 2 is reached, the probability of jumping to abundance Class 3 to 5 is higher than with T dernocratica (40.1 % versus 22.8 %). The chances of changing to Class 1 or 2 are always very high, even if the salp density corresponds to abundance Class 4 or 5. On, and after, reaching Class 3, the highest probabilities are always to return to a lower class. This reflects the fact that blooms of T. democratica are more regular and pronounced than those of S. fusiformis. Environmental covariates with a time lag (z) of from 1 to 9 wk were assessed one by one, within the periods of occurrence of blooms. For hydrological variables, we have selected temperatures and seawater densities recorded at 10, 30 and 50 m, densities being computed from temperature and salinity. We also considered the difference between seawater densities at 50 and 10 m as an index of the vertical stability of the water column.
Figs. 5 & 6 illustrate the magnitude of the influence of hydrological and meteorological variables respectively by representing the values of the likelihood ratio statistics as functions of the time lag, for lags of 1 to 9 wk.
Hydrological covariates (Fig. 5) : hydrological variables have greater influence on Salpa fusiformis than on Thalia democratica. Variables recorded in the upper layers of the water column exert the most significant impact. This was confirmed by the results obtained at other depths (0, 20 and 75 m), which are not presented here. For T democratica, temperature at 50 m is rarely significant, and seawater density at 50 m gives significance levels of p = 0.05 only. The curves for the 2 species are very similar, whatever the covariate. Significance levels for S. fusiformis remain high (p < 0.001) at time lags from 1 to 6 wk, with 2 peaks at z = 1 and T = 5. In the case of 7: democratica, lags of 3, 4 and 5 wk appear to be the most informative. The likelihood ratio statistics decrease rapidly at greater lags, and the influence of most covariates is nonsignificant at z = 9. Meteorological covariates ( Fig. 6 ): air temperature and irradiance are almost always influential, with high significance levels at r = 8 and z = 9 for Salpa fusiformis. Mean wind stress index is significant for both species at a time lag of 1 wk, and also at r = 7 (p < 0.01) for S. fusiformis. Depending on the direction, maximum wind indexes exert different influences on the 2 species. Westerly winds are significant for S. fusiformis only, at T = 1, 5 and 6 (p < 0.05). In contrast, easterly winds exert a significant influence on ThaLia democratica only (p < 0.05), at a lag of 1 wk.
Increases in hydrological temperatures, stability index of the water column, air temperature and irradiance were found to lead to decreases in the probability of going to (staying in) a high abundance state (and thus of observing a bloom), and to increases in the probability of terminating a bloom. However, increases in seawater densities, as well as indexes of wind intensity, lead to opposite effects. These relationships were consistently observed to hold at all time lags.
To illustrate how significant hydrological covariates influence the occurrence of blooms, we have computed several transition probabilities as functions of the vertical stability of the water column and of seawater densities, both for a time lag of 1 wk. P2.2,53(2) and P3, 3, 2 3 (~) correspond to the probabilities of initiatmg and prolonging a bloom respectively. P3, 3,52(2) = 1 -P3, 3, 52(z) has also been represented to illustrate the probability of terminating a bloom. For example, P2, 2 , > 3 (~) is the probability of transition from abundance Class 2 at time t-2 and at time t-l to Class 3 or above at time t, when the value taken by the covariate of interest is z a t t-l (i.e. s= 1). Fig. 7 illustrates the influence of the vertical stability of the water column. Stability values
give very similar transition probabilities P2. 2, ?3(z) and P3, 3, r3(z) for Salpa fusiformis, and the influence on transition probabilities is stronger for this species: increasing stratification levels lead to sharp reductions in probabilities P2, *, (z) and P3, 3, L3(z) of observing a bloom, and to sharp increases in the probability P,, , , ,,(z) of terminating a bloom. Moreover, ranges of variation of the transition probabilities are wider for this species than for Thalia democrafjca. For the latter, the probability of remaining in a high abundance class, P3, 3, r3(z), is about 30 % even at the highest observed value of vertical stability. Similar results are observed at various time lags: the earlier in the season the stratification of the water column occurs, the lower the probability of observing a bloom and the higher the probability of terminating a bloom. Fig. 8 illustrates the influence of seawater densities at 3 depths (10, 30 and 50 m), which is again stronger for S. fusifom's: low densities lead to lower transition probabilities P3, 3, > 3 (~) of remaining in a high abundance class (3 or above), and the range of variation is always larger than for 7: democratica. At greater depths, the range of observed variation in density is narrower but the rate of change of the transition probability as a function of the variable is higher. Temperatures exert the opposite influence. Fig. 9 presents 2 observed trajectories of mean wind index, from Weeks 9 to 29 of 1968 and 1983. Transition probabdities of remaining in a bloom, t 3 (~) have been computed for both species, using values of these trajectories at a time lag of 1 wk and the parameter estimates in the corresponding models. Gusts of wind lead to sudden jumps in transition probabilities. Observed abundance categories are also illustrated in the figure. 1968 is characterised by 2 peaks of mean wind velocity. A bloom of Thalia democratica starts at the first peak, while high densities of Salpa fusiformis coincide better with the second peak. 1983 sees a succession of decreasing strong winds from Week 15 to 20. High abundance classes of 7: democratica were observed concomitantly, while S. fusiformis was abundant from the middle of the strong wind period. Blooms of both species in that year lasted until Week 22, although mean wind index was very low. However, transition probabilities of remaining in a bloom were still as high as 35% for S, fusiformis and 45% for 7: democratica.
DISCUSSION
We have studied the occurrences of blooms of 2 salp populations, from two 24 yr time series of semiquantitative abundance recordings of the aggregate zooids of both species. The aim was to assess the relationship between influential environmental variables and bloom development.
Four characteristics of the sampling scheme may have conditioned our results: use of the Juday Bogorov net; sampling at a fixed station; pooling all samples from a given week; and semiquantitative determination of abundance.
Salps are distributed in swarms, so they are usually sampled obliquely or horizontally with larger nets. The use of the Juday Bogorov net may thus have affected the precision of salp density determination, because of smaller filtered volumes of water. However, on several occasions, salps were concomitantly sampled with a Regent net (diameter 1 m), or an Omori net (diameter 1.5 m) (Braconnot 1971 , Choe 1985 ). Abundances estimated from the different nets were of similar magnitude, and never differed by more than 1 abundance class.
During the spring of 1983, Nival et al. (1990) sampled salp populations with a net of the same diameter as the between stations never exceeded a factor of 4, which corresponds to the mean distance between adjacent abundance classes. As for Thalia dernocratica, this species was mainly present near the coast. Finally, considering also their growth rates and generation times (Heron 1972 , Braconnot & Jegu 1981 , the weekly time step seems well adapted to the monitoring of these species, as the time scale of the fluctuations in aggregate zooid populations is of the same order of magnitude. This is confirmed in the present series by the dependence between successive observations, clearly visible in Fig. 1 .
These observations suggest that blooms are well detected under the sampling conditions of the present study.
The model used here was specifically designed to take account of the above characteristic features of the observed series, i.e. the ordinal nature and the seasonal pattern of the data, the dependence between observations taken at neighbouring time points, and the wish to evaluate the influence of exogenous covariates. The usefulness of stochastic models for the analysis of time series is based principally on their ability to account for both variability in and dependence between successive observations, with a relatively small number of parameters. The limited number of parameters in the model allows their estimation from field data, and also the testing of hypotheses. On the other hand, we did not attempt here to model explicitly the life history of salps. While the Markov chain model implicitly links successive generations of aggregate zooids without considering the solitary zooids which produce them, the available data on solitary zooid abundance were not considered reliable, as most solitary zooids in the samples are likely to have been extracted from the body cavity of pregnant aggregate zooids during handling operations. In that sense, our modelling approach at the population level is complementary to the classical differential simulation models of population dynamics (e.g. Andersen & Nival 1986a) , which, as a result of their deterministic nature, include large numbers of parameters, that must of necessity be estimated from laboratory experiments.
Our results suggest that, with respect to their influence on salp abundance, environmental covariates are of 2 main types: wind indexes on the one hand, and hydrological variables, air temperature and irradiance on the other. The influence of the latter covariates determines the period of the year when blooms may occur through the seasonal forcing of the stratification of the water column. The occurrence of blooms at the end of winter or beginning of spring, when sea temperature and stability of the water column increase rapidly, and the density of surface waters decreases, appears to result from several concomitant phenomena. The water column has been well mixed and the amount of nutrients is high in the euphotic area. The warming of surface waters due to an increase in solar irradiance and air temperature tends to stabilise the water column and allows the development of phytoplankton populations. Later in the season, when warming and stratification become more pronounced, phytoplankton production decreases in intensity, resulting in a secondary decrease in abundance of salp populations. Moreover, the increase with temperature of salp excretion rates (Andersen & Nival 1986b ) may also contribute to the decline of salp populations in late spring and summer. Thus, the development of salp populations appears to be affected mainly by the degree of stabilisation of the water column: the probability that salp populations reach a high density, or stay at a high abundance level for several weeks, breaks down with the seasonal increase of temperature and the vertical stratification of the upper layer.
In contrast, indexes of wind intensity are highly variable, and only short-term responses of salp population~ to the effect of wind intensity are discussed here. The significance at time lags greater than 1 wk may be artifactual or may be linked to periodic atmospheric depressions during winter and spring. Gusts of wind favour the development of salp populat i o n~. The stress of the wind on the ocean surface is transmitted downwards by turbulent motion. A pumping effect on nutrients through the thermocline may result (Klein & Coste 1984) , favouring the new production of phytoplankton. Because of their high growth rates, salp populations then have a demographic advantage that enables them to supplant other herbivorous species such as copepods and appendicularians. However, with respect to their directions, strong winds do not have the same impact on the abundances of the 2 species. Westerly wind intensity was significant for Salpa fuslformis, and easterly wind for Thalia democratica. This shows the influence of hydrodynamic circulation on the populat i o n~, which do not have the same distribution. Westerly winds lead to local upwelling, while easterly winds involve a process of surface waters accumulating near the coast. Bougis (1968) described the relationships between gusts of westerly wind and the emergence of S. fusifomis during summer. We confirm this observation, which shows that this species is found principally in the open sea. In fact, S. fusiformis is imported to the coast from the near open sea, where it has been observed at depths up to 700 m (Gorsky et al. 1991 , Lava1 et al. 1992 ). On the contrary, T democratica, whose blooms are more pronounced and regular in our series, appears to be restricted to the coastal zone (Nival et al. 1990 ). Moreover, this species is more strongly affected by surface hydrological variables, while S. fusiformis is influenced by values at a wide range of depths. T democratica thus appears to be a near-surface species. Similarly, the increasing abundance of Thaliacea (Paffenhofer & Lee 1987) and of Appendicularia (Taggart & Frank 1987) observed in coastal zones has also been interpreted as a result of wind-driven shoreward population development, and thus the export to the advection of water.
bottom of the organic matter photosynthetised in surOur methodology allowed the identification of face waters. An opposite effect may be observed during hydrodynamical processes that modulate the dynamics cold or disturbed years, with strong and repeated gusts of salp populations in the coastal waters of the Western of wind, occurring during the period of stratification of Mediterranean. Our results shed some light upon the the water column. effects of climatic variations on the vertical transport of biogenic material in the ocean. Salp fecal pellets costitute an important fraction of the sestonic organic mat- Suppose the order of the process is 2, and the time lag for the exogenous covariates is 7 (7 > 0). For k, 1, j E E, the probabihty distribution (Pr) of Y,, conditional on the whole past, is written: where f(x) = eY(l+eX) is the logistic function, and the As, PS. as and y are the unknown parameters to be estimated. The As are called the intercept parameters. The ps and as are the regression coefficients on the previous abundance states at t-l and t-2, which are represented by the indicator vanables I,(t-l) and Ik(t-2) respectively. For instance, I,(t-l) = 1 if abundance class is i at time t-l, 0 otherwise. y is the regression coefficient on the environmental covariate taken at t-7. The parameters to be estimated are thus (A,, Az, A,. A,), (PI, P 2 , P3, P 4 ) . ( Q I , a2, (13, Q,) and Y.
The corresponding transition probability is computed in terms of a difference: for l S j 5 5 , a n d
The log-likelihood I is written:
where the sum is computed over weeks corresponding to perrods of blooms, and over all the years of the series. The likelihood ratio statistic is asymptotically %'-distributed with the number of degrees of freedom equal to the difference of the number of parameters between the nested models. Menard et al. (1993) have shown that maxlmum Likelihood estimators and likelihood ratio tests possess the desired asymptotic properties. The model and parameters and their asymptotic covariance matrix were estimated with a modified Raphson-Newton algorithm (IMSL 1987) .
While no formal statistical procedure seems available to test the goodness-of-fit of models including continuous covariates, a possible goodness-of-fit test of models with no covariates is based on the statistic of Anderson & Goodman (1957) . D = -2 [ l -CCC nk ,, log (nk,,/n,, + I ] k r 1 where nk ,, is the number of transitions from k at Week t-2 and i at Week t-l to j at Week t, and + indicates summation over the subscript.
Dis asymptotically X'-distributed with the number of degrees of freedom equal to the difference of the number of parameters between the models.
